We previously reported a cDNA selection method using DNA latex particles to identify expressed genes in specific regions of genomes and named this cDNA scanning method (Hayashida et al., 1995 Gene 155-161). We applied the cDNA scanning method to the YAC CIC3B1-S DNA on Arabidopsis thaliana chromosome 5, and constructed a region-specific sublibrary in which cDNAs for genes on the YAC CIC3B1-S DNA were concentrated. We isolated 545 cDNA clones from the sublibrary, and determined partial sequence of them to produce expressed sequence tags (ESTs) derived from the YAC region. In total, 74 nonredundant groups of cDNAs were obtained from 545 cDNA clones. Forty-seven percent of these EST clones had significant homology to functional proteins such as protein kinases, LON protease, nucleic acid binding protein and chloride channel protein. We compared the cDNA sequences isolated by the cDNA scanning method to the Arabidopsis genomic sequence corresponding to the YAC CIC3B1-S region, and found that 69% of the selected cDNAs are located in the region. We discuss the fidelity and efficiency of the cDNA scanning method for cloning region-specific cDNAs and its useful application in positional cloning.
Introduction
mination of the entire genome sequence. In Arabidopsis, expressed sequence tags (ESTs) 5 ' 6 and molecular markRecently, whole genomic sequences of various organ-e rs are rapidly accumulating and yeast artificial chroisms including many bacteria, yeast (Saccharomyces mosome (YAC), 7 bacterial artificial chromosome (BAC) 8 cerevisiae) (http://genome-www.stanford.edu/Saccharo-a n c i p i p h a ge libraries 9 are completely equipped. Moremyces/), 1 and nematode (Caenorhabditis elegans) (http: o v e r, Arabidopsis genome sequencing will be finished by //www.sanger.ac.uk/worm/C.elegans.Home.html) 2 have the year 2001. Using these useful tools, many genes have been determined one after another. Now genomic been isolated by positional cloning, and their functions sequencing projects of several eukaryotes including have been analyzed. 10 " 12 However, main crops such as Arabidopsis thaliana (http://www.kazusa.or.jp/arabi/, maize and wheat have larger genomes and their genomic http://genome-www.stanford.edu/Arabidopsis/), 3 ' 4 rice, sequences are not easily determined. Moreover, mapping Drosophila melanogasta (http://fly2.berkeley.edu/), and m a n y EST clones on a genetic map is laborious and time human (http://gdbwww.gdb.org/) are in progress. Re-consuming. An efficient method for mapping expressed verse genetical approaches become more important for g e n e s o r c DNAs in specific genomic regions is necessary efficient functional analysis of each gene after the deter-t o identify candidate genes within specific regions that Communicated by Satoshi Tabata contain mutation loci in crops that have larger genomes. * To whom correspondence should be addressed. Tel. +81-298-We previously reported a cDNA selection method 36-4359, Fax. +81-298-36-9060, E-mail: sinozakiOrtc.riken. which we termed the cDNA scanning method. 13 We think it important to evaluate the reliability of the cDNA scanning method for further application of this method.
In this study, we applied this cDNA scanning method to effectively concentrate cDNAs that are derived from a YAC clone CIC3B1-S Arabidopsis thaliana chromosome 5, and determined their nucleotide sequences. Recently, the nucleotide sequence of its corresponding genomic DNA has been reported. We then evaluated the fidelity and efficiency of the cDNA scanning method to isolate region-specific ESTs by comparing the ESTs with the corresponding Arabidopsis genomic sequence.
Results

Construction of a cDNA sublibrary of YAC
CIC3B1-S region in Arabidopsis To evaluate the fidelity and the efficiency of the cDNA scanning method, we used a YAC clone, CIC3B1-S, on Arabidopsis chromosome 5 as a model. The Arabidopsis CIC YAC library includes two CIC3B1 clones, CIC3B1-L and CIC3B1-S. There are located on the long and short arm of Arabidopsis chromosome 5, respectively. The CIC3B1-S clone has a length of 540 kb. 15 The genomic sequence of the CIC3B1-S region was determined by the Cold Spring Harbor Laboratory group (WEB site). We compared cDNA sequences isolated by the cDNA scanning method with the genomic sequences and evaluated the efficiency of the method in this study.
We used a PRL2 cDNA library derived from almost all organs of an Arabidopsis (Columbia ecotype). PCR products of DNA inserts derived from a cDNA library were hybridized to the YAC CIC3B1-S genomic DNA covalently bound to latex particles. Nonhybridized DNA fragments were washed away to concentrate cDNA fragments derived from the genomic DNA. Then, we constructed a cDNA sublibrary using AgtlO vector, and screened positive clones by the YAC DNA as a probe. Among the 200 clones in the sublibrary, 5-10 gave a positive signal. The length of DNA inserts was about 300-2000 bp (data not shown). We partially sequenced these cDNA clones from the 5' end with T7 primer. To select minor species of cDNAs more effectively, major species of cDNAs were removed by hybridization. There was some bias in the population of cDNAs in the sublibrary, which might be due to differences in amplification by PCR, efficiencies of cloning and a different population of cDNAs in the starting library. The first time we sequenced 100 positive clones, major cDNA species were 3B1-43-1, 3B1-43-2, 3B1-45 and 3B1-81. For concentrating minor cDNA species, we removed major cDNAs from positive clones by Southern hybridization using 3B1-43-1, 3B1-43-2, 3B1-45 and 3B1-81 as probes. Then, we obtained 545 positive cDNA clones for further sequence analysis.
Sequence analysis and characterization of selected
cDNA clones The 545 cDNAs selected from the YAC CIC3B1-S region were sequenced from the 5' ends. Redundancy of these cDNA clones was examined by computer analysis (Sequencher 3.0 software, Hitachi Software Japan). The clones with overlapping nucleotide sequences were regarded as one group. Finally, we identified 74 nonredundant cDNAs by sequencing 545 clones derived from the CIC3B1-S region (Table 1) . Based on an estimation of one gene per 5 kb of Arabidopsis on average, these groups cover approximately 69% of the existing genes on the CIC3B1-S region (Table 1) . We confirmed that screened cDNAs from the sublibrary were saturated. Sequence homology of these cDNAs was examined with the GenBank (release 102)/EMBL (release 51) database using the FASTA program. 16 Homology of the deduced amino acid sequences was examined with a nonredundant protein database using the BLASTX program.
17
PAM120 scores of > 80 of the result were considered to have significant homology. Based on these analyses, 89% of the clones were identical to registered sequences or ESTs of Arabidopsis, and 47% of them had significant homology to functional proteins from various organisms. We isolated cDNAs encoding functional proteins such as protein kinase (3B1-29, 60, 74), LON protease (3B1-61), nucleic acid binding protein (3B1-45) and chloride channel protein (3B1-81) ( Table 2 ). Five cDNAs (3B1-6, 3B1-26, 3B1-55-1, 3B1-58, 3B1-73) had no homology to reported sequences in the public databases which indicates that the cDNAs are derived from novel genes in the CIC3B1-S region.
Comparison of nucleotide sequences of the identi-
fied cDNA clones and genomic sequences Recently, the nucleotide sequences of four BAC clones (F9D12, F21E10, F2P16, T21B4) within the CIC3B1-S region were determined. These BAC clones were assigned to the YAC map by hybridization by the Cold Spring Harbor Laboratory group (Web site). To estimate the fidelity of the cDNA scanning method for the selection of expressed genes in a specific region, we compared the nucleotide sequence of the identified cDNA clones and the BAC genomic sequences. We found that 58 out of 74 obtained cDNAs existed within the YAC CIC3B1-S region (Fig. 1) , which corresponds to 78% of the selected cDNAs. There are two BAC clones within the CIC3B1-S region of which sequence data have not been opened yet. Construction of C1C3B1-S region-specific cDNA sublibrary. Account that a region-specific cDNA sublibrary was constructed is given below. Detailed strategy of cDNA scanning were reported by Hayashida et al. 13 and Seki et al. 14 All the cDNA clones described were derived from a PRL2 cDNA library prepared from etiolated seedlings, roots, leaves, and flowering inflorescences of Arabidopsis thaliana (Columbia ecotype). 5 cDNA inserts were amplified by PCR from the PRL2 cDNA library using pair of RV (5'-CAGGAAACAGCTATGAC-3') and M4 (5'-GTTTTCCCAGTCACGAC-3') primers. PCR conditions were as described by Seki et al. 14 The PCR amplified cDNA was subjected to cDNA scanning as described by Hayashida et al. 13 and Seki et al. 14 The hybridized cDNAs were eluted from YAC DNA-latex particles. The eluted cDNAs were amplified by PCR using SP6 (5'-GTGAATTGAATTTAGGTGACA-3') and T7 (5'-AGGGAAAGCTGGTACGCCTG-3') primers. The region-specific cDNA sublibrary was cloned into the AgtlO vector with an EcoRI adapter. To isolate positive clones from the sublibrary, plaque hybridization was carried out as described by Sambrook et al. 18 using the YAC CIC3B1-S DNA as a probe. These positive cDNA clones were selected and partially sequenced. YAC DNA templates were prepared and purified as described by Schmidt et al. a Genes are named tentatively according to the name of the YAC clone. b Accession numbers of the EST clones identified in this study. c Genomic sequence indicates the accession numbers of the genomic sequences that are identical to the selected cDNAs. d Identical registration indicates the accession numbers of the registered ESTs and genes of A. thaliana having more than 90% identity in 50 or more bp overlap with the selected cDNAs. e Related registration indicates the accession numbers of the registered ESTs and genes having less than 90% identity in 50-bp overlap with the selected cDNAs. Asterisk indicates the source of ESTs and genes except for A. thaliana. f Encoded protein/Others features indicates the accession numbers of the gene products having the highest similarity score (indicated in next column) and other species features of selected clones. g Source of the protein exhibiting the highest similarity score. Sequencing analysis of selected cDNA clones The selected cDNA was amplified by PCR using FW (5'-GCTGGGTAGTCC-CCACCTTT-3') and +80 (5'-CAGTTTTTCTTGTGAAGATTGGGGG-3') primers. The amplified cDNA inserts were subjected to sequence using T7 primer. Overlapping of the nucleotide sequences of the clones was examined by Sequencher 3.0 software.
If all sequences are determined in the YAC CIC3B1-S region, the number of selected cDNAs in this region will increase by more than 58 cDNAs.
The length of lined up 3 BAC clones (F21E10, F2P16, T21B4) within the CIC3B1-S region is about 300 kb. To estimate the efficiency of the cDNA scanning method, we compared the nucleotide sequence of the identified cDNA clones and the genomic sequences of 3 BAC clones (Table 3). Fifteen expressed genes out of 23 predicted genes from computer analysis using the program Genefinder (P. Green and L. Hillier) in BAC F2P16, 8 out of 16 in BAC T21B4, and 6 out of 13 in BAC F21E10 could be isolated using the cDNA scanning method. This result showed that obtained cDNAs cover 56% of the predicted existing genes on this region (Table 3) . Compared with percentage of (No. groups of sequenced clones)/(No. estimated existing genes) on Table 1 , this percentage are less than 69%, but shown similar value.
The cDNA scanning method is a reliable technique for cloning region-specific cDNAs. Moreover, we obtained new three cDNAs (3B1-20, 3B1-66, 3B1-76) by the cDNA scanning method in addition to the genes identified by computer analysis. Using the cDNA scanning method we can obtain expressed genes which are not identified by computer analysis.
In conclusion, we estimated the fidelity and efficiency of the cDNA scanning method using the Arabidopsis CIC3B1-S YAC region as a model, and showed that the cDNA scanning method is a useful method to efficiently identify expressed genes in specific regions of the genome. The cDNA scanning method seems to be useful for the selection of cDNAs in specific regions of larger genomes that are not easily sequenced, such as maize and wheat, and a powerful method to identify candidate genes in positional cloning of mutant genes.
